mates receiving an equivalent total dosage of oxygen given continuously.
It was found, as in the original experiments, that continuous exposure to oxygen for 72 hours caused complete obliteration of the retinal vessels, followed on return to air by marked vasoproliferation into the retina and vitreous (Fig 6) . Interrupting the oxygen administration by intervals of 1 hour in air for each hour in oxygen, however, allowed the vessels to remain open and neither vaso-obliteration nor vasoproliferation were seen. These periods in oxygen did not appear, therefore, to have a cumulative effect. We then tried shorter periods of 4 hour intervals and again found either no or very minor degrees of vessel closure (Fig 7) . Except for one minute focus in one eye of 3 animals allowed to survive, there was again no sign of vascular outgrowth into the vitreous, after 18 days survival (Table 2) . It would be of interest to carry out further experiments to investigate the minimum air intervals required to protect the retinal vessels against lower concentrations of oxygen and to do this in animals of less sensitive age groups, and so simulate more closely the conditions obtaining in oxygen therapy of premature infants. For future work it should be relatively simple to devise an incubator wherein oxygen could be automatically and completely replaced by air at programmed intervals.
Since animal experiments can only be an approximate guide, it is a matter of speculation whether our experimental results have any application to the management of oxygen therapy in prematurity; it would, perhaps, seem unlikely that hypoxic infants could survive repeated intervals in air. Our findings are sufficient, however, to establish the principle that intermittent as opposed to continuous oxygen can prevent permanent injury to the growing retinal vessels. REFERENCES Ashton N (1954) In 1967, Patz stated that careful observation of the retinal vessels for spasm in premature infants receiving oxygen therapy might replace the need for direct monitoring of arterial oxygen tension '(Pao,). This suggestion induced us at the Hammersmith Hospital, London, to study the retinal changes of such infants objectively by photographic recording (Bulpitt & Baum 1969 ). In fact it proved impossible to photograph the retinal vessels in the most immature, because the persistence of the tunica vasculosa lentis (see Fig 1) , a constant feature until 32 weeks of gestation, obscured any clear view of the retina. However, after 32 weeks satisfactory photographs were obtained. We studied 6 infants who were recovering from the respiratory distress syndrome but were still having Pao, measurements taken. We explained the procedure fully to the parents and obtained their permission, Photographs were taken with each infant breathing first room air and then 100% oxygen by face mask for 15 minutes. The Pao, was measured on each occasion. Vascular landmarks were then matched on the transparencies, and the vessel diameters measured at multiple sites.
All vessels constricted with elevation of the Pao2. Moreover, pooling all the results, there was a significant relationship between the degree of constriction and the height of the PaoQ.
However, when films taken at high Pao2 were considered in isolation, it was not possible to Z~~~~~~~~F ig 1 Tunica vasculosa lentis in apremature infant of 29 weeks gestation (right eye: photograph taken post mortem) Proc. roy. Soc. Med. Volume 64 July 1971 identify frank spasm of the vessels, even at a value of 250 mmHg (Baum & Bulpitt 1970) .
In the newborn kitten, Ashton (1957) showed that overt spasm of the retinal vessels and their retraction towards the disc followed a continuous 6-hour exposure to a high oxygen environment. This was also the minimum period of hyperoxia which produced irreversible damage to the capillary bed (Ashton & Pedler 1962) . It seems then that the absence of extreme vasospasm is not an indication that the Pao2 is within safe limits (Roberton et al. 1968 ). Moreover, the finding of an ischamic retina may point to the stage of established retinal toxicity. An extension of this study followed the recognition that a number of premature infants were developing striking tortuosity of the retinal arteries. These were infants whose oxygen therapy had been most carefully monitored by frequent measurement of Pao2 in accordance with the departmental policy of the Hammersmith Hospital Neonatal Unit (Roberton et al. 1968 , Tizard 1971 . Although none progressed to destructive retrolental fibroplasia (RLF), the appearance strongly resembled the original descriptions of the proliferative phase of the disease (Owens & Owens 1949) . In these accounts it is clear that only 25% of the infants who showed such changes developed destructive RLF. It seemed important therefore to define whether or not this was the picture of the proliferative phase of the disease.
In order to clarify this issue we studied 52 young adults who were born between 1950 and 1953 in Denver, Colorado, weighing 1,500 g or less.
During the period 1950 to 1953 there were 160 such survivors, but the remainder had been lost to follow-up. The years 1950 to 1953 represented a period of transition with respect to the use of oxygen in the premature nursery in Denver. The retinal findings are shown in Table 1 patients with unilateral complete RLF had various degrees of scarring in the other eye. An arbitrary scale of arterial tortuosity was used: 0=normal; 1 =tortuosity confined to the main temporal arteries; 2=tortuosity in most of the retinal arteries; 3 =widespread tortuosity including hair-pin bends (Fig 2) . Twenty-one patients had a maximum degree of tortuosity in both eyes. In the absence of actual scarring of the retina the vision of these patients was normal (Baum 1971) . It follows from this study that the proliferative changes of early RLF which do not progress to destructive RLF may persist as stigmata of the patient's premature birth and oxygen therapy. The striking similarity between this persistent proliferative phase, the early descriptions of similar changes in the literature, and the appearances found in contemporary premature infants suggest that we are indeed witnessing the proliferative phase of RLF in special care nurseries today ).
Conclusions
From the photographic studies described two conclusions may be drawn:
(1) Ophthalmoscopy is no replacement for direct frequent Pao2 measurement in premature infants receiving oxygen. In the infants at greatest risk of oxygen toxicity to the eye, those of less than 32 weeks gestation, the retina is not clearly visible because of the persistent tunica vasculosa lentis. Even if it were, the services of an expert ophthalmologist would be required every few hours, day and night, and even then he would be looking for a sign which probably points to established retinal damage.
(2) The finding of tortuous retinal arteries in surviving contemporary premature infants in whom oxygen therapy has been given in the most carefully monitored fashion serves as a reminder that the limits of safety in prescribing an oxygenenriched environment for premature infants are very narrow indeed. The role of the ophthalmologist in the premature nursery is still in doubt. Since excess of oxygen was shown to cause retrolental fibroplasia (RLF) (Ashton et al. 1953) , ophthalmologists have been examining the eyes of premature infants receiving oxygen therapy in an attempt to diagnose oxygen toxicity to the retina before the disease has become established (Patz 1968). Unfortunately, the earliest signs of retinopathy due to oxygen toxicity occur: (1) At the periphery of the fundus. (2) In infants who are very immature and of very low birth weight. (3) In infants who are so desperately ill that they cannot be removed from their incubators for ophthalmic examination.
The presence of the pupillary membrane and remnants of primary vitreous in this group of infants are additional factors which make fundus examination extremely difficult. The technique of binocular indirect ophthalmoscopy is essential in the examination of the fundus of the premature infant; with this instrument a good view of the disc and central area of the fundus can always be obtained, even without lifting the top of the incubator. However, obtaining an adequate view of the peripheral fundus in the neonate is very difficult and often impossible; thus the earliest signs of retinopathy due to oxygen toxicity cannot be detected by the ophthalmologist until they have been present for several days, or in some cases several weeks. When the infants are fit enough to be removed from the incubator, fundus examination is also carried out with the direct ophthalmoscope. This is in addition to, and not a substitute for, indirect ophthalmoscopy.
I use 2 drops of cyclopentolate 0 5 %, instilled 25 minutes before examination, to dilate the pupils in the neonate. In a few cases it has been necessary to add a drop of phenylephrine 1O%,, but this causes blanching of the eyelids and periorbital tissues in the premature infant and should not be used routinely. During the past two years all infants in the premature baby unit at the Hammersmith Hospital, London, have had regular ophthalmoscopic examination at weekly intervals, in an attempt to prevent the occurrence of retinopathy 
